Glucocorticoids induce hypertrophy of the neonatal ileal mucosa but the molecular mechanisms behind this growth induction remain poorly understood. Ileal epithelial cells (IECs) are dependent upon IGF-II for proliferation both in vivo and in culture. The type-2 IGF receptor (IGFR-2) is a lysosomal transport protein that attenuates IGF-IIdriven growth and is highly abundant in the ileum. The cellular repressor of E1A-stimulated genes (CREG) is a secreted phosphoglycoprotein that affects cell fate via ligand binding with IGFR-2, although the mechanism by which it does so is unknown. We hypothesized that glucocorticoids might facilitate IGF-mediated hypertrophy through CREG-mediated degradation of IGFR-2. To test this hypothesis, confluent rat IECs (IEC-18) were cultured for 72 h with or without dexamethasone (DEX) and harvested for Western blot, immunocytochemistry, gene array and CREG immunoneutralization experiments.
Introduction
Glucocorticoids trigger mucosal maturation during weaning and can accelerate the process if given exogenously in the week immediately prior to weaning (Henning & Sims 1979 , Oesterreicher et al. 1998 , Solomon et al. 2001 . However, there is a limited temporal window in which this endocrine stimulus is optimal (Solomon et al. 2001) . In contrast, we have previously reported a significant increase in ileal epithelial and goblet cell numbers when newborn mice are treated with early postnatal dexamethasone (DEX) (Gordon et al. 2001a) , suggesting a proliferative mechanism of hypertrophy that is potentially ever present in the neonate. Similar findings have been reported in fetal sheep when exposed to antenatal steroids, indicating that the capacity extends backwards into gestation (Trahair et al. 1987) . These paradigms have clinical relevance to an emerging and highly morbid neonatal disease known as spontaneous intestinal perforation (also called focal small bowel perforation) which afflicts 5-10% of all extremely low birth weight infants (Garland et al. 1999 , Gordon et al. 1999 , Stark et al. 2001 . At present, the precise mechanisms by which glucocorticoids induce perforations is unknown but many growth factor perturbations have now been demonstrated with DEX administration in the newborn mouse ileum (Gordon et al. 2001a ,c,d, 2002 . These growth factor disturbances are associated with structural skewing of the neonatal ileum via two opposing trophisms: (1) mucosal hypertrophy (which is associated with distention of the distal bowel) and (2) bowel wall atrophy (which is associated with thinning of the submucosa and focal necrosis of the muscularis) (Gordon et al. 2002 .
Fetal gut epithelial cell proliferation is dependent upon insulin-like growth factor-II (IGF-II) (Tremblay et al. 2001) . The type-2 IGF receptor (IGFR-2) is a lysosomal transport protein that captures free IGF-II and traffics it to the pre-lysosomal compartment, thereby targeting it for degradation. The net function of this activity is to attenuate IGF-II-driven proliferation and growth. During gestation, IGFR-2 serves a crucial global function because it prevents fetal overgrowth and birth-related injury due to fetal-pelvic disproportion (Lau et al. 1994 , Wang et al. 1994 , D'Ercole 1999 , Killian et al. 2000 , 2001a , Young et al. 2001 . However, release from IGFR-2 growth attenuation in the perinatal period is a developmental event that is not well studied and could be sensitive to glucocorticoids.
The IGFR-2 protein is encoded by an imprinted gene that diverged relatively recently (coincident with marsupialization and the evolution of the placenta) from the mannose-6-phosphate transporter -a very old gene which can be traced phylogenetically all the way back to yeast (Morgan et al. 1987 , MacDonald et al. 1988 , Clairmont & Czech 1989 , Dahms et al. 1993 , Yandell et al. 1999 , Killian et al. 2001b , Whyte & Munro 2001 . Despite this wealth of knowledge, we know very little about how IGFR-2 is regulated. One candidate regulatory agent that is known to bind to IGFR-2 is the cellular repressor of E1A-stimulated genes (CREG) (Clairmont & Czech 1989 , Veal et al. 1998 . This secreted 28 kDa phospho-glycoprotein is known to require the presence of IGFR-2 in order to alter cell fate in teratoma cultures (Veal et al. 2000) . While the mechanism by which CREG causes transformation is unknown, one hypothesis is that CREG binds IGFR-2 and drives it into the lysosomeresulting in increased IGF-II signaling (illustrated in Fig.  1 ). This condition could be permissive for cell fate change (and quiescence) in some cell types, but could facilitate proliferation in others. This would be an alternate method of degradation from the norm, which consists of cell surface proteolysis (DiBacco & Gill 2003) . If this hypothesis is true, CREG might mediate glucocorticoid-induced degradation of IGFR-2 in ileal epithelial cells (IECs) and facilitate proliferation.
Materials and Methods

Cell culture
Rat ileal epithelial crypt cells (IEC-18; American Type Culture Collection, Rockville, MD, USA) from aliquots of passage numbers 6-8 were grown to confluence in Dulbecco's modified Eagle's medium (DMEM) with 10% fetal bovine serum and 0·01% insulin in six-well plates or 150 mm dishes. The time-period for complete epithelial cell confluence was 24-48 h. Confluent cells were incubated for 72 h in DMEM with 10 6 M DEX (Sigma), 10 6 M NBI 31772 (Calbiochem, San Diego, CA, USA) or no treatment as control. After 72 h, the media were aspirated and the cells were harvested for either immunocytochemistry or Western blot analysis.
Immunocytochemistry
Immunocytochemistry was performed for IGFR-2 and CREG in IEC-18 cells grown on glass coverslips in six-well plates, with separate treatment conditions batched and processed in parallel for each antibody. After being fixed in formalin overnight, the cells were washed in DIG buffer (40 mM Tris base, 300 mM Tris HCl and 150 mM NaCl) five times, then put in blocking solution (1% (w/v) bovine serum albumin (BSA) in DIG buffer) for 1 h at room temperature (RT). We used a 1-h incubation of primary antibody (all were obtained from Santa Cruz Biotechnology, Santa Cruz, CA, USA) at RT for all studies. Primary antibody was washed off with DIG 5 and biotin-conjugated secondary antibody (all obtained from Jackson Immunoresearch Laboratories, West Grove, PA, USA) was placed on the slides for 1 h and then washed again in the same fashion. Signal amplification and detection was performed using standard ABC biotinconjugated horseradish peroxidase (ABC-HRP; according to the manufacturer's recommendation; Elite Series, Vector Laboratories, Burlingame, CA, USA). The slides were counterstained with hematoxylin and cover-slipped for microscopy. Figure 1 Illustration of our hypothesized mechanism by which CREG degrades IGFR-2. In the top half, IGF-II is shown binding to IGFR-2 on the cell surface where it is internalized, trafficked to the pre-lysosome and released -allowing IGFR-2 to be recycled back to the cell surface. IGF-II is then degraded in the lysosome and the net effect is to attenuate IGF-II signaling for that cell. In the bottom half, CREG binds to IGFR-2, causes it to internalize, prevents uncoupling and then drives it into the lysosomethereby causing degradation of both. The net effect is to facilitate IGF-II signaling by decreasing IGFR-2 abundance.
Western blots
Cells were collected from 150 mm dishes, washed with phosphate-buffered serum and recovered in 700 µl lysis buffer (50 mM Tris-HCl, 150 mM NaCl and 1% NP-40% in RNase-free water) by scraping the dish. Cells were spun down for 10 min in a pre-chilled centrifuge. The supernatant was diluted 1:4 with sample buffer (62·5 mM Tris-HCl, pH 6·8, 20% glycerol, 2% SDS and 5% -mercaptoethanol) and run on 12% acrylamide gels. After the gel had been transferred onto a nitrocellulose membrane, 0·5% Ponceau S stain was applied to confirm the standardized protein concentrations.
Western blot membranes were blocked in 5% freezedried non-fat cow's milk block dissolved in Tris-buffered saline (TBS)-Tween for 1 h at RT. Goat polyclonal primary antibody for IGFR-2, CREG or IGF-binding protein (IGFBP)-3 as a loading comparison control (all antibodies obtained from Santa Cruz Biotechnology) were applied for 1 h at RT. Primary antibody was washed off with TBS-Tween, and biotin-conjugated secondary antibody (all from Jackson Immunoresearch Laboratories) was placed on the membrane for 1 h then washed again. ABC-HRP chemiluminescent visualization was performed according to the manufacturer's instructions.
Gene array analysis
IEC-18 cells were treated and processed as described in the section on Cell culture. Total RNA was harvested for each treatment condition in triplicate experiments and then used for gene chip analysis according to the manufacturer's protocol (Affymetrix, Santa Clara, CA, USA; rat gene chip no. 230 -a chip containing 9000 known genes -using the manufacturer's recommended internal controls and base-lining functions). Subset analyses were used to assess treatment effects between individual mRNA abundances within the IGF system and selected controls, these included: IGF-I, IGF-II, IGFR-1, IGFR-2, IGFBP-3, glucocorticoid-induced leucine zipper and glucocorticoidinduced protein kinase (with significant treatment differences defined as a P value<0·05 in these subsets -using two-tailed paired t-test analysis -provided as part of the standard analysis by the University of Virginia Biomedical Research Facility and the Department of Health Evaluation Sciences).
Tissue collection
Our histological experiments utilized paraffin-blocked, formalin-fixed tissues retained from previously published studies (Gordon et al. 1999) . The animal protocols in this study were reviewed and approved by the institutional animal care and use committee at the University of North Carolina. Newborn C57 wild-type mice were killed on day 3 of life (Gordon et al. 2001a) . The ileum was removed, fixed in 10% buffered formalin and embedded in paraffin. De-identified, paraffin-blocked, formalin-fixed neonatal ileums were obtained from age-matched autopsy controls that were not exposed to exogenous steroids, and surgical specimens from extremely low birth weight infants who received early postnatal DEX, acquired spontaneous intestinal perforation and then underwent immediate surgical resection (reviewed by the institutional review board at the University of Virginia). Eight control and eight DEX-treated newborn mice (dose=1µg/g per day for 3 days), and three autopsy controls and three DEX-treated neonates (maximum dose=0·5 mg/kg per day over a 12-day taper) were examined.
Immunohistochemistry
Sections (4 µm) were deparaffinized in xylene and hydrated in descending ethanol concentrations to distilled water. Antigen retrieval was performed by incubating slides in 0·1 M citric acid, pH 8·0, for 10 min at 100 C, followed by cooling to 25 C and washing three times in distilled H 2 O. Endogenous peroxidase activity was quenched in 3% H 2 O 2 in 60% methanol for 15 min, followed by three washes of distilled water. Blocking solution (1% (w/v) BSA in TBS (0·05 M Tris-HCl, 0·138 M NaCl and 0·0027 M KCl, pH 8·0)) was applied for 1 h at 25 C, followed by incubation with primary antibody for 16-18 h at 4 C in a humidified chamber. The primary antibody solution was aspirated, and the slides were washed three times at 25 C in TBS. Biotinylated anti-mouse antibody (Vector Laboratories) or biotinylated anti-rabbit antibody (Jackson Immunoresearch Laboratories) was prepared according to the manufacturers' instructions and applied for 60 min at 25 C, followed by three TBS washes as above. ABC-HRP was prepared according to the manufacturer's instructions, applied for 30 min and then washed as above. The peroxidase substrate solution was then applied to each section for 5 min. The reaction was terminated by aspiration of the substrate solution followed by washing for 10 min in distilled water at 25 C. The sections were counterstained with hematoxylin, dehydrated, coverslipped and images were digitized.
Results
IGFR-2 immunolocalization is diminished by DEX in the IECs of extremely low birth weight neonates and newborn mice
Because we were interested in perturbations of the IGF system that might have clinical correlations with neonatology, immunohistochemistry was used to examine IGFR-2 abundance in newborn mouse and human neonatal ileum and we compared specimens that were and were not exposed to early postnatal DEX by parallel processing ( Fig. 2A-D) . We hypothesized that IECs in the fetal-to-perinatal window of gut development would exhibit steroid-responsive decreases in IGFR-2 abundance. In newborn mice (representative images shown in Figure 2 Representative IGFR-2 immunolocalization in (A and B) newborn mouse (n=8 each), (C and D) human neonatal ileum (n=3each) that either (B and D) were or (A and C) were not exposed to at least 72 h of early postnatal DEX administration (magnification=40 ). Also, (E and F) rat IEC-18 cells were grown to confluence in serum free media (SFM) and then switched to either (E) new SFM or (F) SFM +10 6 M DEX for 72 h before being fixed and processed for IGFR-2 immunolocalization. All samples were processed and detected in parallel for semi-quantitative comparison of IGFR-2 staining abundance between treatment conditions. In each case, DEX treatment was associated with reduced IGFR-2 abundance within IECs when compared with controls. Fig. 2A and B) , IECs are larger and allow for better visualization of intracellular localization. In this animal model, IGFR-2 was associated with a more discrete perinuclear localization pattern and this staining pattern was dramatically diminished with DEX treatment. The uniformity of staining intensity between controls and DEX-treated animals was extremely consistent. In human neonatal ileum (representative images shown in Fig. 2C and D), IGFR-2 was highly abundant and most heavily localized in a perinuclear distribution within the IECs of controls but was globally diminished in DEX-exposed ileum. The uniformity of staining intensity between the controls and DEX-treated human tissues was fair but not completely homogeneous, as might be expected since they were not paired cohorts and infants acquired perforations at different times in their steroid taper.
DEX decreased IGFR-2 protein but not mRNA abundance in IEC-18 cells
We utilized IEC-18 culture to further investigate the effect of DEX on IGFR-2 abundance in IECs (Fig. 2E and  F) . We found that IGFR-2 protein was diminished by DEX treatment in IEC-18 cells by immunocytochemistry and Western blot analysis when compared with controls, but that IGFR-2 mRNA was unchanged by DEX when investigated by gene array analysis (Table 1) . We noted that all cells showed immunopositivity for IGFR-2 in a single punctate compartment, consistent with its role as a lysosomal trafficking receptor.
IGF-II is the predominant ligand driving IEC proliferation in vivo and in culture
To test the postulate that IGF-II is the predominant IGF ligand utilized for IEC proliferation, three experiments were performed. First, immunohistochemistry for IGF-I and IGF-II was performed in the proximal aspects of ileal villi of newborn mice to look for sequestration of ligand. IGF-II was localized in crypt and neck cells in a punctate perinuclear pattern (Fig. 3A) whereas IGF-I was not visualized above background staining in these cells (although it was present in the submucosa -not shown), consistent with IGF-II sequestration in proliferating and newly divided cells. Secondly, IEC-18 cells were cultured for 72 h in SFM either with or without NBI 31772 (a chemical that displaces IGFs from all IGFBPs, resulting in increased IGF availability to the IGF receptor and subsequent endocytosis) and then processed in parallel for either IGF-I or IGF-II immunocytochemistry following NBI 31772 treatment. IGF-II was found to be localized in a punctate vesicular pattern consistent with sequestration into the cell following NBI 31772 treatment (Fig. 3B and C) whereas IGF-I was not seen above background staining -not shown. Finally, gene array data was used to look at the mRNA abundance of IGF-I and IGF-II in IECs. While comparisons across probes are not strictly quantitative because of differences in hybridization optima, IGF-II was detected in moderate abundance and did not appear to change with DEX treatment whereas IGF-I was not detected above the background level of a null hybridization (Table 1) .
CREG immunostaining is increased by DEX in IECs of extremely low birth weight neonates and newborn mice
To determine if DEX alters CREG abundance in vivo, archived ileum from newborn mice and extremely low birth weight infants that were or were not exposed to DEX during the first days of life were utilized for CREG immunohistochemistry. The ileums that were exposed to DEX had increased staining within the IECs when compared with controls that were processed in parallel (Fig. 4) . As with IGFR-2 immunostaining, uniformity among the neonatal mice was extremely homogeneous whereas the staining was generally less robust in the human specimens and there was greater variation between DEX-exposed patients, suggestive of the importance of timing of steroid exposure. These findings indicated that DEX increases CREG accumulation within IECs in vivo, beyond the levels of that stimulated by normal cortisol levels. We also noted that there was no detected CREG staining in other cell types such as the fibroblasts, lymphocytes or macrophages, which are found with the lamina propria, and this was unchanged with DEX treatment, further suggesting that CREG expression is specific to IECs.
DEX treatment induces CREG glycocalyx deposition in IEC-18 culture
To determine if DEX can induce CREG synthesis and secretion, IEC-18 cells were treated with either DEX or nothing for 3 days and then harvested for comparative immunochemical studies (Fig. 5) . Immunolocalization of CREG resulted in a peculiar set of observations. CREG was minimally detected in untreated cells but staining was present in two planes of focus within DEX-treated culture (not portrayed in the figures which are at lower magnification). There was a low level of staining within the cytoplasm of cells, consistent with de novo synthesis and similar to the staining seen in IECs in vivo, but with DEX treatment there was also a very intense immunoprecipitate that required focus immediately above the plane of the IECs (Fig. 5B) . This staining pattern was reminiscent of 'browned meringue' and is consistent with deposition of CREG within the glycocalyx that sits on top of the cell confluency. Accordingly, dot blot comparisons showed detection of CREG in DEX-treated cell lysates but not in DEX-treated media, with minimal detection in the control lysates (Fig. 6A) . Gel densitometry of multiple experiments confirmed that the DEX-induced increase in CREG abundance meets the definition of statistical significance (Fig. 6B ). This same antibody was unable to detect CREG by Western blot at the same sensitivity (picomolar -suggesting a loss of native antigen during the process of Western blotting) but, at the femtomolar level of sensitivity, three bands were detected in DEX-treated lysates whereas only two were detected in SFM (Fig. 6C) . The third band was a 28 kDa band, appropriate in size for glycosylated CREG, whereas the other two bands were the predicted size for a recently identified glycosylated and non-glycosylated CREG family member known as CREG2 (Kunita et al. 2002) . These putative CREG2 bands were also increased in quantity by DEX treatment.
IGFBP-3 is an appropriate comparison protein for DEX experiments in IEC-18 cells
IGFBP-3 was chosen as the control protein for cell lysate comparisons in DEX-treated conditions because of the authors' prior experience with this protein in this cell line. IEC-18 cells do not accumulate IGFBP-3 into the media (presumably because they do not make the acid labile subunit) but have reliably detectable IGFBP-3 which immunolocalizes to the cell surface and is not altered in abundance by 72 h of DEX treatment (authors' unpublished data). DEX also does not alter IGFBP-3 mRNA abundance (Table 1) .
Immunoneutralization of CREG attenuates DEX-induced degradation of IGFR-2
To determine if CREG mediates DEX-induced degradation of IGFR-2, immunoneutralization experiments were performed in IEC-18 culture. Western blots of IGFR-2 in DEX-treated cell lysates that were coincubated with 1:80 of anti-CREG polyclonal antibody showed increased IGFR-2 when compared with DEX-treated cell lysates alone (Fig. 6D) . This effect was lost in a concentration-dependent manner as the antibody was diluted to 1:160 and 1:320. Immunocytochemistry of CREG done in parallel at low magnification revealed that CREG staining intensity in the glycocalyx was inversely proportional to the amount of antibody in the culture media, while diffuse staining within the cell cytoplasm (consistent with nascent CREG) was unaffected (Fig. 5E ).
While not quantitative, this demonstrated a homogeneous effect that parallels that of antibody dilution. We note that this was the only measure of CREG that we were able to perform to verify a change in abundance (because dot blots are affected by neutralizing antibody in the media and our antibody displays reduced antigen affinity in Western blots). Finally, parallel experiments with non-immune serum did not alter the effect of DEX upon CREG or upon IGFR-2, further confirming a specific antibody effect (Fig. 6E) . (C) Western blot of CREG in cell lysates using femtomolar sensitivity for detection. Bands at 32 and 34 kDa are seen in both SFM-and DEX-treated conditions, although they are increased in quantity in DEX treatment. These are the predicted band sizes for glycosylated and non-glycosylated forms of the brain-derived CREG family member known as CREG2. In contrast, a 28 kDa band (the correct size for glycosylated CREG) is abundant in DEX-treated lysates but is minimally detected in SFM conditions. (D and E) Immunoneutralization experiments in which confluent IEC-18 cells were incubated either in SFM or SFM+DEX with variable dilutions of (D) CREG antiserum or (E) non-immune antiserum for 72 h before being harvested for cell lysates. The resulting Western blots demonstrate changing abundance of IGFR-2 with the same membranes stripped and re-probed for IGFBP-3 for protein loading comparison. In IEC-18 cells, IGFBP-3 is found as a single 35 kDa band in cell lysates that immunolocalizes to the cell surface and is not detected in the media (authors' unpublished results). Its abundance does not change with DEX exposure (D and E). However, IGFBP-3 is increased slightly in all serum-treated conditions, consistent with induced protein synthesis and a slight increase in gel protein load (D and E). DEX diminishes IGFR-2 but immunoneutralization with anti-CREG antisera prevents this in a concentration-dependent manner (D), whereas non-immune serum does not (E). Note that IGFR-2 in DEX-treated conditions does not display a prominent peptide degradation ladder as might be expected with a polyclonal antibody-derived Western blot documenting an increase in cell surface proteolysis (the homeostatic mechanism of IGFR-2 degradation) but rather is diminished without the addition of new peptide fragments or an increase in the base-line abundance of the normal degradation fragment seen at 100 kDa. This negative finding is more consistent with either lysosomal or peroxisomal degradation, neither of which generate peptide maps on polyclonal Western blots.
Discussion
CREG is a relatively recently described glycoprotein whose function and role in development and tissue growth is still being explored (Clairmont & Czech 1989 , Veal et al. 2000 , Di Bacco et al. 2003 . In this paper, we have demonstrated that CREG was induced by DEX in IEC-18 cells and that CREG accumulation (assessed by immunostaining) was increased by DEX exposure in the neonatal ileum. While there may be many downstream effects from this induction, we focused on its effect upon IGFR-2 abundance. Based on our immunoneutralization studies, DEX induction of CREG diminished IGFR-2 protein without affecting IGFR-2 mRNA, consistent with an increase in IGFR-2 protein degradation.
Many of the effects of CREG could potentially be explained by degradation of IGFR-2. The function of IGFR-2 in the fetus is to prevent IGF-II-driven overgrowth of tissue by binding and internalization of free IGF-II, and then carriage of IGF-II to the pre-lysosome for eventual lysosomal destruction. In essence, this forces the IGF receptor to receive IGF-II from IGFBPs -which are tightly regulated and therefore not permissive for tissue overgrowth. Likewise, during periods of cell fate transition, excess IGF is often required to proceed. Thus an excess of IGFR-2 could be the gate that prevents that progression. Rapid degradation of IGFR-2 could therefore facilitate tissue hypertrophy in some tissues or permit maturation in others, depending on the window of development. The most logical mechanism by which CREG could mediate this is through ligand-driven degradation. In such a model (Fig. 1) , the IGFR-2-CREG complex fails to disassemble in the presence of a lowered pH, traffics to the lysosome and is degraded by acid hydrolases.
IGFR-2 plays an intrinsic role within the proximal-todistal growth disparity along the fetal gut and this is becoming an increasingly important anatomical caveat to clinical neonatology. This often overlooked conundrum of growth restriction is reinforced by the presence of 11 -hydroxysteroid dehydrogenase (an enzyme that reduces cortisol to a less biologically active form), which is expressed disproportionately in the distal intestine (Clairmont & Czech 1991 , Pacha & Miksik 1994 , Claus et al. 2001 . This enzyme limits glucocorticoid-induced maturation of tissue during neonatal development but the enzyme can be overwhelmed by exogenous administration of steroids which results in mucosal hypertrophy in preterm neonates and developmentally appropriate animal models (Shulman et al. 1998 , Schaeffer et al. 2000 , Gordon et al. 2001d , Dilsiz et al. 2003 , Pacha et al. 2003 . In older neonates this effect has actually been found to be protective for neonatal gut disease, presumably because of improved barrier function against colonizing pathogens (Shulman et al. 1998) . However, in extremely low birth weight infants, synthetic glucocorticoids result in spontaneous intestinal perforations because of the limited capacity of the bowel wall to accommodate mucosal hypertrophy (Garland et al. 1999 , Gordon et al. 2001b , Stark et al. 2001 . For these reasons, it is crucial that we understand how steroids perturb intestinal development, and additional research into these mechanisms is needed to assist in guiding the management of this vulnerable patient population (Gordon 2004 , Jobe 2004 .
We acknowledge that there are limitations to this study. First, we acknowledge that there might be other mediators of the DEX effect working in concert or downstream of CREG (in fact CREG2 seems a likely co-mediator), some of these might not be evident in an immunoneutralization study -however, we know that CREG is a ligand for IGFR-2 (Di Bacco & Gill 2003) . Secondly, we have not actually proven that a loss of IGFR-2 is responsible for IEC proliferation in vivo, only that IEC-18 cells are IGF-II dependent in culture (by virtue of the absence of IGF-I) and that the abundance of IGFR-2 waxes and wanes appropriately in vivo. However, the literature supports the supposition that IEC proliferation is IGF-II dependent in vivo (Tremblay et al. 2001) . Thirdly, while our paper puts forth several novel postulates regarding the role of CREG in IEC fate regulation, we have not manipulated CREG in vivo and therefore can only speculate about its function during fetal and neonatal development.
In summary, we have suggested a mechanism by which steroids induce proliferative hypertrophy in the ileal mucosa and have provided the first evidence that CREG mediates this effect via degradation of IGFR-2. Further work is needed to fully understand the role of the CREG family in IEC proliferation.
